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SUBSTITUTE SPECIFICATION - HAKKED-UP COPT 

DEccRir^^ Rec'd PCT/PTO 13 JUL zm 

FASTENING STRUCTURE FOR CYLINDER HEAD AND 
DIVIDED TYPE CYLINDER BLOCK OF ENGINE 

This is a 371 national phase application of 
PCT/JP2005/000631 filed 13 January 2005 claiming priority to 
Japanese Application Number 2004-007133 filed 14 January 2004^ 
the contents of which are incozrporated herein by reference. 

TBCIPJICAL FIELD OF THE INVENTION 

The present invention relates to a fastening structure 
for a cylinder head and a divided type cylinder block of an 
engine . 

BACKGROUND [ [ART] ] OF THE INVENTION 



Typically, a reciprocating internal combustion engine 
includes a cylinder block having cylinder bores, and a 
cylinder head. The cylinder head is fixed to the cylinder 
20 block with head bolts. When fastening the cylinder head to 

the cylinder block, the cylinder block can be deformed due to 
fastening force applied to head bolts. 

For example, in a cylinder block having closed deck 
25 structure, in which upper end of a cylinder block outer wall 
portion (cylinder outer wall portion) is connected to the 
upper end of a cylinder block inner wall portion (cylinder 
inner wall portion) at an upper deck, fastening the head bolts 
deforms the upper deck. The cylinder inner wall portion is 
30 pressed by the upper deck and inclines inward. As a result, 
the cylinder bores are deformed. 

Conventionally, to prevent a cylinder inner wall portion 

from inclining inward due to deformation of an upper deck, a 

35 structure has been proposed in which sections of the upper 
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deck about through holes for head bolts are thickened compared 
to the remainder^ thereby increasing the rigidity of the upper 
deck (for example, Japanese Laid-Open Patent Publication No. 
6-213064) . 

5 

However, the structure disclosed in the publication No. 
6-213064 is designed for increasing the rigidity of the upper 
deck, thereby reducing the amount of deformation of the upper 
deck. Thus, to sufficiently preventing the cylinder inner 
10 wall portion from inclining inward, the weight of the cylinder 
block is unavoidably increased, for example, at the upper 
deck. That is, such a method for increasing rigidity 
unavoidably increases the weight of a cylinder block, and thus 
still has plenty of room for improvement. 

15 

SUMMARY OF THE INVENTION 

Accordingly, it is an objective of the present invention 
to provide a fastening structure for a cylinder head and a 
divided type cylinder block of an engine that reliably 
2 0 prevents a cylinder inner wall portion from inclining inward. 

To achieve the foregoing and other objectives and in 
accordance with the purpose of the present invention, a 
fastening structure for an engine is provided. The engine 

2 5 includes a cylinder block having a cylinder bore and a 

cylinder head assembled with the cylinder block. The cylinder 
block is divided into a cylinder inner wall portion defining 
the cylinder bore and a cylinder outer wall portion 
surrounding the cylinder inner wall portion. The cylinder 

30 inner wall portion has an integrated upper deck portion. The 

upper deck portion has a receiving surface on which the 

cylinder head is placed. The cylinder head is fastened to the 

upper deck portion with a first bolt. The cylinder outer wall 

portion is fastened to the upper deck portion with a second 

35 bolt at an opposite side of the upper deck portion with 
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respect to the cylinder head. The second bolt fastens the 
cylinder outer wall portion to the upper deck from an opposite 
side of the upper deck portion with respect to the first bolt. 

The present invention also provides an engine having a 
cylinder head, a cylinder block, a first bolt, and a second 
bolt. The cylinder block is assembled with the cylinder head. 
The cylinder block is divided into an inner block member and 
an outer block member. The inner block member has a cylinder 
inner wall portion defining a cylinder bore and an upper deck 
portion integrally formed with the cylinder inner wall 
portion. The upper deck portion has a receiving surface on 
which the cylinder head is placed, and an opposite surface 
opposite of the receiving surface. The -outer block member has 
a cylinder outer wall, portion surrounding the cylinder inner 
wall portion. The first bolt fastens the cylinder head to the 
upper deck portion such that the cylinder head contacts the 
receiving surface. The second bolt fastens the cylinder outer 
wall portion to the upper deck portion such that the cylinder 
outer wall portion contacts the opposite surface. The first 
bolt and the second bolt are threaded to the upper deck 
portion from the opposite sides of the upper deck portion with 
respect to each other. 

25 Other aspects and advantages of the invention will 

become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by 
way of example the principles of the invention. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 

thereof, may best be understood by reference to the following 

description of the presently preferred embodiments together 

with the accompanying drawings in which: 

35 Fig. 1 is a perspective view illustrating a body of an 
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engine according to one embodiment of the present invention; 

Fig. 2(a) is a perspective view illustrating a cylinder 
block of the engine body shown in Fig. 1; 

Fig. 2(b) is a side view illustrating the cylinder block 
5 shown in Fig. 2(a); 

Fig. 3 is an exploded perspective view illustrating the 
cylinder block shown in Fig. 2(a); 

Fig. 4(a) is a perspective view illustrating an inner 
block member forming part of the cylinder block shown in Fig. 
10 3 ; 

Fig. 4(b) is a side view illustrating the inner block 
member shown in Fig. 4(a); 

Fig. 5(a) is a perspective view illustrating an outer 
block member forming part of the cylinder block shown in Fig. 
15 3; 

Fig. 5(b) is a side view illustrating the outer block 
member shown in Fig. 5(a); and 

Fig. 6 is a cross-sectional view taken along line 6-6 of 
Fig. 1. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION DETAILED DESCRIPTION 
OF THE PREFERRED EMBODIMENTS 

An in-line four-cylinder engine 1 according to one 
embodiment of the present invention will now be described 
25 referring to the drawings. 

As shown in Fig. 1, the engine 1 includes a cylinder 
head 2 and a divided type cylinder block 3. The cylinder head 
2 and the cylinder block 3 are fastened to each other with a 
3 0 gasket 4 in between. Although not illustrated in Fig. 1, a 

head cover is placed on the cylinder head 2, and an oil pan is 
attached to the bottom of the cylinder block 3. 



As shown in Figs. 2(a) and 2(b), the cylinder block 3 

3 5 has four cylinder bores 5 formed in an upper portion and a 
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crankcase portion 6 located under the cylinder bores 5. The 
crankcase portion 6 forms a skirt of the cylinder block 3. 
The crankcase portion 6, together with the oil pan provided 
below it, forms a crankcase for accommodating a crankshaft. A 
5 flat upper deck portion 7 is formed on the top of the cylinder 
block 3. The cylinder head 2 is placed on the upper deck 
portion 7. 

As shown in Fig. 3, the cylinder block 3 includes an 
10 inner block member 10 and an outer block member 15, which are 
separate from each other. The inner block member 10 and the 
outer block member 15 define a water jacket 27 (see Fig. 6) in 
a middle portion between the upper deck portion 7 and the 
crankcase portion 6 . 

15 

The inner block member 10 includes the upper deck 
portion 7 and a cylinder liner portion 8, which are integrated 
with each other. The cylinder liner portion 8 forms a 
cylinder inner wall portion defining the cylinder bores 5. An 

20 outer circumferential surface 22 of the cylinder liner portion 
8 forms an inner circumferential wall of the water jacket 27. 
The outer block member 15 includes a cylinder outer wall 
portion 12 and the crankcase portion 6, which are integrated 
with each other. The cylinder outer wall portion 12 surrounds 

25 the outer circumferential surface 22 of the cylinder liner 
portion 8, thereby defining the water jacket 2 7 between the 
cylinder outer wall portion 12 and the cylinder liner portion 
8. An inner circumferential surface 25 of the cylinder outer 
wall portion 12 forms an outer circumferential wall of the 

30 water jacket 27. The cylinder block 3 is formed by assembling 
the inner block member 10 and the outer block member 15 with 
each other. 
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As shown in Figs. 4(a) and 4(b), the cylinder liner 
portion 8 is formed by coupling four cylindrical portions in 
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series. An inner circumferential surface 21 of each 
cylindrical portion defines one of the cylinder bores 5. When 
the inner block member 10 is assembled with the outer block 
member 15, the outer circumferential surface 22 of the 
5 cylinder liner portion 8 functions as the inner 

circumferential wall of the water jacket 27. The upper deck 
portion 7 is formed as a flat plate at the top of the cylinder 
liner portion 8- The top surface of the upper deck portion 7 
forms a top surface of the cylinder block 3, or a receiving 
10 surface 23 on which the cylinder head 2 is placed. 

As shown in Figs. 5(a) and 5(b), the cylinder outer wall 
portion 12 projects upward from the crankcase portion 6. The 
outer wall portion 12 is formed substantially continuously so 
that its inner circumferential surface 25 faces the outer 
circumferential surface 22 of the cylinder liner portion 8 
with a predetermined space in between. The top surface of the 
cylinder outer wall portion 12 functions as a receiving 
surface 12a that contacts and supports the upper deck portion 
7 of the inner block member 10. When the inner block member 
10 is assembled with the outer block member 15, the inner 
circumferential surface 25 of the cylinder outer wall portion 
12 functions as the outer circumferential wall of the water 
jacket 27. 

Assembling and fastening structure of the cylinder head 
2 and the cylinder block 3 will now be described. 

Fig. 6 is a cross-sectional view illustrating the 

30 cylinder head 2 and the cylinder block 3 in an assembled 

state. As shown in Fig. 6, the inner block member 10 is 

assembled with the outer block member 15 such that the 

cylinder liner portion 8 is inserted in a space defined by the 

cylinder outer wall portion 12 (see Fig. 3) , and a lower 

3 5 surface 7a of the upper deck portion 7 (a side opposite of the 
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receiving surface 23) contacts the receiving surface 12a of 
the cylinder outer wall portion 12. Accordingly, the outer 
circumferential surface 22 of the cylinder liner portion 8, 
the inner circumferential surface 25 of the cylinder outer 
5 wall portion 12, and the lower surface 7a of the upper deck 
portion 7 define the water jacket 2 7 about the cylinder bores 
5. 

In this embodiment, the cylinder head 2 is fastened to 
the upper deck portion 7 with first bolts, which are head 
bolts 31 in this embodiment. The cylinder outer wall portion 
12 is fixed to the upper deck portion 7 with second bolts, 
which are block fastening bolts 32 in this embodiment. The 
block fastening bolts 32 are attached to the engine 1 from 
below, or from a side opposite to the side of the head bolts 
31. 

Specifically, the cylinder outer wall portion 12 has 
through holes 34, into which the block fastening bolts 32 are 
20 inserted. The upper deck portion 7 has bolt threading holes 

(bolt fastening holes) 35 with which the block fastening bolts 
3 2 are threaded . 

In this embodiment, the through holes 34 extend in an 

25 up-and-down direction of the cylinder outer wall portion 12, 

or along the axes of the cylinder bores 5, from the receiving 

surface 12a to the lower surface of the crankcase portion 6, 

or to a cap receiving surface 6a, to which a crank cap 41 for 

supporting a crankshaft 40 is attached. The crank cap 41 has 

30 through holes 42 for receiving the block fastening bolts 32. 

The through holes 42 are located at positions corresponding to 

the through holes 34. That is, each through hole 42 is 

coaxial with the corresponding one of the through holes 34. 

By inserting the block fastening bolts 32 through the through 

35 holes 42, 34 and threading the bolts 32 with the bolt 
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threading holes 35, the cylinder outer wall portion 12 is 
fastened to the upper deck portion 1 , and the crank cap 41 is 
fixed to the cap receiving surface 6a. 

That is, in this embodiment, the block fastening bolts 
32 also function to fix the crank cap 41, which support the 
crankshaft 40, to the crankcase portion 6. The cylinder outer 
wall portion 12 is fastened to the upper deck portion 7 while 
being held between the lower surface 7a of the upper deck 
portion 7 and the crank cap 41 (and the crankcase portion 6) . 

On the other hand, the cylinder head 2 has through holes 
44. The cylinder head 2 is fastened to the upper deck portion 
7 with the head bolts 31, which are inserted into the through 
15 holes 44. In this embodiment, the through holes 44 are formed 
such that the axis of each head bolt 31 is aligned with the 
axis of the corresponding one of the block fastening bolts 32 . 

Specifically, the through holes 44 of the cylinder head 
2 are formed at positions corresponding to the positions of 
the bolt threading holes 35. That is, the through holes 44 
are coaxial with the bolt threading holes 35. Thread is 
formed in each bolt threading hole 35 not only at a section 
from the lower surface 7a of the upper deck portion 7, but 
also at a section from the upper surface of the upper deck 
portion 7, or the receiving surface 23, on which the cylinder 
head 2 is placed. The cylinder head 2 is fastened to the 
cylinder block 3 by inserting the head bolts 31 into the 
through holes 44 and threading the head bolts 31 to the bolt 
threading holes 35- 

Accordingly, the cylinder head 2 is fastened to the 
upper deck portion 7 with the head bolts 31 while using the 
receiving surface 23 of the upper deck portion 7 as a 
35 fastening surface. The cylinder outer wall portion 12 is 

8 



5 



10 



25 



fastened to the upper deck portion 7 with the block fastening 
bolts 32 while using a surface of the upper deck portion 7 
opposite to the receiving surface 23, or the lower surface 7a 
of the upper deck portion 7, as a fastening surface. 

The present embodiment has the following advantages. 

(1) The engine 1 includes the cylinder head 2 and the 
cylinder block 3. The cylinder block 3 is formed by 
assembling the inner block member 10 and the outer block 
member 15. The inner block member 10 includes the upper deck 
portion 7 and the cylinder liner portion 8, which forms the 
cylinder inner wall portion. The outer block member 15 
includes the cylinder outer wall portion 12. The cylinder 
head 2 is fastened to the upper deck portion 7 with the head 
bolts 31, which function as the first bolts. The cylinder 
outer wall portion 12 is fastened to the upper deck portion 7 
with the block fastening bolts 32, which are the second bolts, 
at an opposite side of the upper deck portion 7 with respect 
to the cylinder head 2. In other words, the cylinder block 3 
and the cylinder head 2 are assembled with the upper deck 
portion 7 being held between the cylinder head 2 and the 
cylinder outer wall portion 12. The head bolts 31 and the 
block fastening bolts 32 are coupled to (threaded with) the 
upper deck portion 7 from the opposite sides with respect to 
each other. 

According to this configuration, fastening force of the 

head bolts 31 and fastening force of the block fastening blots 

30 32 act on the upper deck portion 7 in opposite directions and 

cancel each other. This minimizes deformation of the upper 

deck portion 7 due to the fastening forces. Thus, the 

cylinder liner portion 8 is prevented from being inclined by 

fastening of the bolts 31, 32. The fastening forces of the 

3 5 head bolts 31 and the block fastening bolts 32 are preferably 
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set equal to each other to prevent the cylinder liner portion 
8 from being inclined. 

(2) The axis of each head bolt 31 is aligned with the 
5 axis of the corresponding block fastening bolt 32. This 

configuration prevents couple from being generated by- 
fastening each head bolt 31 and the corresponding block 
fastening bolt 32. Accordingly, inclination of the cylinder 
liner portion 8 due to the couple is further reliably 
10 prevented. 

(3) The block fastening bolts 32 and the head bolts 31 
are threaded to the common bolt threading holes 35. 
Therefore, compared to a case where separate sets of holes are 

15 formed for each of the block fastening bolts 32 and the head 
bolts 31, the structure is simplified. Also, the axes of each 
block fastening bolt 32 and the corresponding head bolt 31 are 
easily aligned. 

20 (4) The block fastening bolts 32 also functions to fix 

the crank cap 41, which support the crankshaft 40, to the 
crankcase portion 6 . This reduces the number of the 
components and simplifies the structure. 

25 The above described embodiments may be modified as 

follows . 

In the illustrated embodiment, the through holes 34 

extend from the receiving surface 12a of the cylinder outer 

3 0 wall portion 12 to the cap receiving surface 6a of the 

crankcase portion 6. The upper deck portion 7 is fastened to 

the cylinder outer wall portion 12 with the block fastening 

bolts 32 inserted into the through holes 42 and the through 

holes 34. However, the block fastening bolts 32 may be 

35 separately formed from bolts for fastening the crank cap 41 to 
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the crankcase portion 6. In this case, the through holes 34 
do not need to extend to the crankcase portion 6. 

In this embodiment, the axis of each head bolt 31 is 
5 aligned with the axis of the corresponding block fastening 
bolt 32. However, these axes do not need to be aligned. 

In the illustrated embodiment, the block fastening bolts 
32 and the head bolts 31 are threaded to the common bolt 
10 threading holes 35. However, bolt threading holes for the 

block fastening bolts 32 and bolt threading holes for the head 
bolts 31 may be separately formed in the upper deck portion 7. 
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